Introduction
Since isolated hepatocytes are known to readily lose many liver-specific functions during culture, the most crucial issues in hepatocyte-based biosensors are long-term viability and retention of liver-specific functions of cultured hepatocytes [3] [4] [5] [6] [7] .
In this regard, the formation of multi-cellular spheroids is of particular interest, since spheroids show not only morphological but also functional similarities to tissues and organs; unlike conventional monolayer cell cultures [8] .
Most of the spheroids developed so far by liquid-overlay culture [9] have been homo-spheroids, composed of a single population of cells. Nevertheless, tissues and organs in vivo are structures made from cells of different types, which are systematically and functionally combined together and exhibit dynamically interrelated functions in the mature organism [10] . A novel approach is essential for the formation of hetero-spheroids of hepatocytes that are layered on feeder cells such as endothelial cells. It is necessary to control the size, shape, and spacing to construct proper functioning spheroid-based biosensor systems.
EXPERIMENTAL DETAILS
Synthesis of Acetal (or Methoxy)-PEG/PLA Block Copolymers. α-Acetal (or methoxy)-PEG/PLA was synthesized by a one-pot anionic ring-opening polymerization of EO followed by LA, and PEG and PLA segments was determined to be 5,604 and 10,260, respectively.
Microfabrication; Preparation of α-lactosyl-PEG/PLA-coated micro-patterned surfaces for cell culture. The PEG-brushed layer was constructed on the silanized glass surface by spin coating with a PLA, followed by a α-lactosyl-PEG/PLA. Photoresist patterns were defined by a photolithography technique. Round, 100 µm diameter holes separated by 100 µm spacing was used to mask a N 2 +H 2 plasma etch, forming the patterned α-lactosyl (or methoxy)-PEG/PLA surface.
Co-culture of hepatocytes and endothelial cells. Bovine aortic endothelial cells were seeded onto patterned dishes.
After 24 h of culture, rat primary hepatocytes were seeded into these dishes at the same cell density and co-cultured with a hepatocyte medium.
RESULTS AND DISCUSSION
Bovine aortic endothelial cells (BAECs) were seeded onto the patterned surfaces with 100-m circular domains that were edge-to-edge spaced in l100-m intervals, and cultured at 37 o C for 24-h in a 10 % fetal bovine serum medium. Obviously, BAECs adhered only onto the circular domains exposing a glass substrate. Preferentially adsorbed extra-cellular matrix (ECM) proteins, including fibronectin, vitronectin, and laminin on the glass circular domains, may promote the adhesion of anchorage-dependent BAECs. This is supported by the fact that the BAEC pattern is consistent with FN adsorption results.
Rat primary hepatocytes were then applied to the patterned dishes with cultured endothelial cells selectively located in the circular domains. Interestingly, rat primary hepatocytes formed spheroids within 24-h only on the circular regions of existing endothelial cells, generating a 2D-arrayed structure of the hepatocyte spheroids. In contrast, on the same patterned α-lactosyl-PEG/PLA surface without pre-adhered BAECs, hepatocytes attached to and spread on both the PEG layer and the glass regions, without spheroid formation. These results demonstrate the significant role of BAEC as a feeder layer for the formation of hepatocyte spheroids.
Hepatocyte spheroids in contact with BAECs were characterized by an immuno-histochemical double staining method. In situ fluorescent staining was done with an anti-rat albumin antibody for cellular albumin synthesis, a characteristic phenotype of hepatocytes. Rhodamine-conjugated phalloidin was used for F-actin (Fig.  2) . It should be noted that spheroids significantly express a stable level of liver-specific functions (albumin secretion) even after 3 weeks, showing intense green fluorescence, compared to the usual cell monolayers. In multicellular organization intimately coupled to the dynamics of the actin cytoskelton, most of the actin was localized in the cell cortex, as opposed to the stress fiber which is linked to the cell-substratum contact via focal adhesion complex.
Obtained spheroids have ultrastructural similarities to the native liver tissue such as junctional complexes, leading to high level of retained liver-specific functions. Note that these albumin secretions, cytoskelton as well as cell-cell junction, are maintained intact in the spheroids, presumably due to the heterotypic cell interaction through the hepatocyte-BAEC contact [10, 11] .
CONCLUSIONS
This miniaturized artificial liver array has the ability to rapidly evaluate drugs and environmental perturbations for potential risk to health, and to make predictions for effects of exposure. Furthermore, the patterned array of cell-organized structures such as spheroids on surfaces may have a particular importance for constructing tissue-engineered liver by seeding spheroids into three-dimensional scaffolds. This is also a useful tool to obtain insights into the mechanism of cell-cell interaction, a central research topic in cell biology. 
